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Introduction
Treatments for acute coronary syndrome (ACS) have improved considerably in the last 30 years and there are currently several approaches available for revascularization, including fibrinolysis, percutaneous coronary intervention (PCI), coronary artery bypass surgery and pharmacologic therapy. 1 Factors like previous medical history and disease presentation (as unstable angina, non-ST-elevation myocardial infarction or ST-elevation myocardial infarction [STEMI] ), angiographic findings and issues concerning both co-adjuvant and secondary prevention therapy (particularly compliance with and safety of dual antiplatelet therapy) may influence the choice of strategy for reperfusion and definitive revascularization. 2 The increasing use of PCI over the last decade is based on studies that support the effectiveness of this approach in securing and maintaining coronary artery patency, in particular avoiding some of the bleeding risks of fibrinolysis. 3 ---6 The reduction of restenosis in the target lesion by 60%---70% when drug-eluting stents (DES) are used instead of baremetal stents (BMS) has also contributed to the exponential growth of PCI for revascularization of patients with coronary disease. 7---10 Many randomized controlled trials have documented that primary PCI is superior to intravenous thrombolysis for the treatment of STEMI, thus contributing to a growing trend for the use of PCI in STEMI patients. 11 In patients with non-ST-elevation ACS (NSTE-ACS), risk stratification should be performed as early as possible to identify high-risk individuals. Only high-risk patients with NSTE-ACS benefit from an early invasive approach such as PCI. 12 In Portugal, according to the Portuguese Registry of ACS, use of PCI rose from 14.8% and 24.9% in 2002 to 50.2% and 38.3% in 2008 for patients presenting with STEMI and NSTE-ACS, respectively. 13 Currently, the interventional cardiologist chooses a specific stent type based on the risk-benefit profile for each case. In general, DES should be considered in all clinical conditions and lesion subsets, except if there are concerns or contraindications for prolonged dual antiplatelet therapy.
14 There are particular situations in which the use of DES is strongly recommended, including in the presence of left main artery disease, diabetes, saphenous vein grafts, small vessels (<2.5 mm diameter), long lesions, bifurcations, multiple lesions and in-stent restenosis. 2 Besides clinical considerations, it is important to note that DES were two or three times more expensive than BMS in the recent past and this factor may influence the choice of stent used in clinical practice.
Therefore, the aim of this work was to describe the use of BMS vs. DES in patients with ACS undergoing PCI in routine practice in Portuguese hospitals, according to patients' demographic and clinical characteristics and institutional characteristics. 
Methods
Patient data were collected in the framework of the EURopean HOspital Benchmarking by Outcomes in acute coronary syndrome Processes (EURHOBOP) project, which was a multicenter and multinational retrospective study of patients diagnosed with ACS consecutively discharged from 70 European hospitals (in Finland, France, Germany, Greece, Italy, Portugal and Spain). This study only considers patients admitted to the 10 Portuguese hospitals.
Portuguese hospitals
Data from public hospitals, from North to South and East to West of the country, serving both urban and rural populations and with different levels of specialization (with or without a catheterization laboratory or cardiac surgery department), were included. Participating hospitals are listed in the Acknowledgments section. Of the 10 Portuguese hospitals, five had a catheterization laboratory and only three had a cardiac surgery department. The number of beds ranged from 280 to 1124.
Study participants
From each hospital, retrospective data on 300 consecutive patients from the year 2009 were collected. In hospitals where the annual number of cases was insufficient to obtain the 300-patient sample, the recruitment period was extended back to 2008.
A total of 3009 ACS patients were included in the final sample. In this study, patients without PCI or stent implantation during PCI, and patients with PCI but with missing data on stent type implanted (n=1793), were excluded, as were all patients who had both types of stent (DES and BMS) implanted during the same episode (n=22) (Figure 1 ).
Data collection
Data were collected by trained medical record extractors using a standardized data collection form. The main source of information was the discharge letter, however information on emergency room records and laboratory information systems were also accessed whenever available. Information was extracted on the type of diagnosis, demographic characteristics, previous medical history, clinical and laboratory admission data, procedures used during hospitalization, severity indicators and complications during hospitalization. Information on age, gender, main hospital stay characteristics and vital status was available for all patients. Since information collected on previous medical history is highly relevant for treatment and prognosis, we assumed that information on previous coronary heart disease and cardiovascular risk factors was reported in the files. Therefore, when nothing was stated in the records regarding these issues, we assumed they did not exist. Patients with nonclassifiable ACS type due to either subacute presentation or left bundle branch block of unknown duration or with missing data on this variable were included in the overall analysis, but excluded from the analysis of the type of stent use according to the type of diagnosis.
Statistical analysis
Descriptive statistics were used to characterize the patients included in this study. The chi-square test or Fisher's exact test, when applicable, were used to compare the characteristics of patients implanted with BMS or DES. Multivariate logistic regression was used to estimate odds ratios for the association of patient and hospital stay characteristics with the stent type used during PCI. All variables were initially included in the model. Age and gender were forced to stay, regardless of their effect in this sample. Variables were then removed that had no significant association with the stent type implanted (BMS or DES) and no confounding role in the effect of other predictors (based on a change of over 10% in the regression coefficients), one at a time, until the final model. Initially patients with STEMI and NSTE-ACS were analyzed separately, but since the determinants of stent type used were not significantly different, as assessed by interaction terms, it was decided to analyze all ACS together, including the type of ACS as an additional covariable.
STATA version 12.0 (Stata Corporation, College Station, Texas, USA) was used for data analysis and a p value <0.05 was considered statistically significant.
Ethics
The ethics committee of the University of Porto Medical School and the National Commission for Data Protection approved the study. These two entities agreed that it would not be necessary to ask for patients' informed consent, since the study was based on the collection of retrospective clinical data from medical records during hospitalization, and the confidentiality of patients' identification was assured.
Results
The 1194 consecutive patients with stent implantation had a mean age of 64 (standard deviation 13) years and threequarters were men. One-third were smokers, one-third had diabetes and two-thirds had a history of hypertension. A total of 425 patients (36%) received a BMS, while 769 patients (64%) received a DES.
In univariate analysis, those with previous PCI and male gender had higher rates of DES implantation, while BMS had been chosen more frequently in older patients, in patients with previous history of stroke, previous anticoagulation and/or atrial fibrillation, and anemia (Table 1) . In STEMI patients, BMS were used more frequently than DES (61.5% vs. 47.9%, p<0.001). Patients in whom the left anterior descending artery (LAD) was treated had a higher rate of DES implantation, whereas a higher rate of BMS implantation was seen in the right coronary artery (Figure 2 ). In multivariate analysis ( 
Discussion
This study involved a retrospective review of the medical records and discharge letters of a large sample of ACS patients. It enabled us to generate an insightful overview of clinical patterns of stent use in the routine care of patients diagnosed with ACS who underwent elective or primary PCI in 10 Portuguese hospitals.
Overall, 65% of patients who were diagnosed with STEMI or NSTE-ACS were implanted with a DES. This frequency is similar to that in other observational studies examining the use of DES and BMS in patients undergoing PCI across Europe, particularly in Mediterranean countries. 15 15 In the same period, DES use in patients with STEMI in seven countries ranged from 6.8% to 72.1% (Poland, 6.8%; Slovenia, 13.5%; Finland, 15.1%; Spain, 16.0%; Sweden, 28.4%; Italy, 37.8%; Germany, 72.1%). 16 In our study, 59% of patients with STEMI received DES in 2009. The differences observed between countries may be related to uncertainty concerning the risk/benefit ratio of DES use and variations in characteristics of cardiac patients in Europe at that time. 17 However, concerns over the safety of DES were not substantiated and there was subsequently an increase in DES implantation. 18 The representativeness of these studies' samples and the heterogeneity of the populations involved may have contributed to the observed differences. Elderly patients are typically not included in randomized trials due to comorbidities and prescription of multiple medications associated with their age, which limits the evidence on the influence of age on stent type selection. 19 Increasing age is associated with increased prevalence of atrial fibrillation and consequently chronic oral anticoagulation. 20 However, DES as compared to BMS among elderly patients were associated with lower mortality and myocardial infarction risk, without a significant difference in rates of repeat revascularization. 21 Drug-eluting stents appear to be safe and effective in the elderly in clinical practice. 22 Nevertheless, more studies are needed to validate this data and to verify the possible effects of antiplatelet agents. 22 Our study and others reported older age as an independent predictor of the stent type, with a tendency to less use of DES with increasing age. 16, 23 A higher use of BMS in very young ACS patients may be explained by the angiographic characteristics of the disease, i.e. if these patients were often being treated in large caliber vessels. In this retrospective study, we did not have sufficiently detailed data on angiographic results to be able to test this interpretation, which should be explored in future studies.
Patients with a history of bleeding are typically considered as having the highest risk of rebleeding with anticoagulation and antiplatelet therapy during and after coronary intervention. 24 BMS are therefore recommended rather than DES in patients with anemia. 12 Compliance with this recommendation was observed in our results, which showed that anemia was an independent predictor of BMS use.
In this study, patients with a history of anticoagulation and patients with atrial fibrillation were pooled due to administration of anticoagulation therapy, 24, 25 and this has been associated with high risk of bleeding. 26 There is a lack of published data on appropriate antithrombotic strategies in patients with anticoagulated atrial fibrillation presenting ACS and undergoing PCI with stent implantation. 27 Nevertheless, the guidelines advise the use of the CHADS 2 28 and HAS-BLED 29 scores to assess these patients' bleeding risk. Both the European Society of Cardiology 30 and a North American consensus document 31 recommend the use of BMS in patients at high risk of bleeding and discourage the use of DES in patients with atrial fibrillation due to the need for dual antiplatelet therapy after stent implantation. 32, 33 In the present study anticoagulation and/or atrial fibrillation was an independent predictor of BMS use, showing general compliance with these recommendations.
Our study suggests that previous PCI was an independent predictor of DES use, as in the EUROTRANSFER Registry. 16 However, this result should be treated with caution, because information on whether the previous PCI was performed in the same vessel was not available. The lack of data regarding the type of stent previously implanted was also a limitation. In addition, it is unknown whether the PCI performed was due to restenosis or in-stent thrombosis.
PCI in the LAD is associated with a higher rate of both restenosis and in-stent thrombosis, and so DES are recommended whenever possible. 34, 35 However, there is no evidence of benefit in DES use compared to BMS in nonostial proximal lesions of the LAD, and some authors prefer BMS from a cost/benefit perspective in LAD nonostial proximal lesions. 36 The LAD as the infarct-related artery was a strong independent predictor of DES use in this study, as also reported in the EUROTRANSFER Registry 16 and the EuroPCI Survey. 15 Due to the retrospective nature of this study, we did not have detailed angiographic data, and the distribution and anatomical characteristics of lesions could have influenced the choice of stent type.
We also assessed whether in-hospital characteristics had an influence on the choice of stent type, independently of patient characteristics. Patients initially admitted to hospitals without a catheterization laboratory had a lower probability of having a DES implanted. For example, in the case of STEMI diagnosis, late arrival to referral hospitals and the perception of lack of myocardial viability may have led interventionists to preferentially implant BMS in these patients. Furthermore, cases referred to other hospitals for intervention may have had characteristics not considered in this analysis that may have influenced the choice of stent type, such as general condition and comorbidities.
Current guidelines recommend the use of DES in diabetic patients. 2 In this study, diabetes was not an independent predictor of the type of stent implanted. In 2009, when the patients in this study were treated, there was evidence of a higher risk of death with DES compared to BMS in diabetic patients, particularly if the duration of dual antiplatelet therapy was <6 months. 37 NSTE-ACS patients were more often treated with DES. This difference most likely results from the anatomic characteristics of the vessel and the lesion. No detailed information regarding these characteristics was available in our database, but it would be interesting to explore the putative mechanisms involved in future studies.
In-hospital mortality was significantly lower in patients treated with DES than in those treated with BMS (p<0.001), as has also been documented in other studies. 38---41 This difference could be related to the severity of the event, patients implanted with BMS being more likely to have associated comorbidities.
Study limitations
Given the retrospective nature of this study, the validity of the conclusions relies on the accuracy and completeness of the original documentation. It was assumed that previous coronary heart disease and cardiovascular risk factors did not exist if nothing was reported in the files regarding such issues. To assess the impact of this decision, we compared the prevalence of the characteristics included in this study with data published by the Portuguese Registry of Acute Coronary Syndromes, 13 which were similar. Although we had information on the most important variables to address our objectives, it should be acknowledged that it would have been better to have detailed angiographic data and lesion classification. Additionally, this study only reflects practice in the participating hospitals and does not represent overall stent use in Portugal.
Conclusions
In this analysis, 65% of ACS patients were implanted with a DES, and this type of stent was less frequently implanted in patients diagnosed with STEMI, patients aged over 80 years, in females, in patients with a previous history of stroke, anticoagulation and/or atrial fibrillation, and anemia. Patients who had previously undergone PCI and those with the LAD as the infarct-related artery more frequently had DES implanted than BMS.
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